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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

The present invention relates to liquid crystal display devices wherein a ferroelectric liquid crystal is 
used. 

10 2. Description of the Prior Art 

Liquid crystals include those of chiral smectic C phase (hereinafter referred to simply as "SmC* liquid 
crystals") having a helical structure and exhibiting ferroelectric properties. 

When such a SmC* liquid crystal is injected into a cell having a small gap, the helical structure of the 
75 SmC* liquid crystal is unwound under the influence of the interface, resulting in the conjoint presence of a 
domain wherein the liquid crystal molecules are stabilized as inclined at a tilt angle $ with respect to a 
normal of the smectic layer, and a domain wherein the liquid crystal molecules are stabilized as tilted at -9 
in the opposite direction. When a voltage is applied to the SmC* liquid crystal within the cell, the liquid 
crystal molecules and the spontaneous polarization thereof can be oriented uniformly in a direction. When 
20 the polarity of the voltage to be applied is changed, the orientation of the liquid crystal molecules can be 
changed from a definite state to another state for switching drive. Switching drive causes the SmC* liquid 
crystals within the cell to produce altered birefringent light, so that the transmitted light is controllable by 
interposing the cell between two polarizers. Furthermore, when the application of voltage is discontinued, 
the orientation of the liquid crystal molecules is maintained in the state before the discontinuation by the 
25 ability of the interface to regulate the orientation. Thus, a memory effect is also available. 

Accordingly, it has been attempted to utilize the memory effect of SmC* liquid crystals for providing 
high-duty liquid crystal display devices resorting to a multiplex drive system. 

Such a liquid crystal display device comprises two glass substrates opposed to each other in parallel, 
and a plurality of transparent electrodes arranged in the form of parallel stripes and formed on each of the 
30 opposed surfaces of the substrates. The transparent electrodes on one of the glass substrates are arranged 
perpendicular to those of the other glass substrate. The electrode bearing surface of each substrate is 
further formed with an orientation film with an insulation film interposed therebetween. A layer of SmC* 
liquid crystals is provided between the two glass substrates. 

The liquid crystal device has the following problem. The uneven presence of charges resulting from the 
35 spontaneous polarization of liquid crystal molecules produces an electric field (polarization electric field) 
within the device, impairing the memory effect in memory states, i.e., in a state wherein the orientation 
angle of the molecules is + 0, and in a state wherein the angle is -6 (i.e., the memory effect in a bistable 
state). 

Stated more specifically, a polarization electric field due to uneven presence of polarized charges of 

40 liquid crystal molecules is present within the cell even in the memory state as shown in FIG. 2 (a). 
Accordingly, in response to the polarization electric field, the liquid crystal molecules are altered in 
orientation so as to minimize the energy within the cell as seen in FIG. 2 (b). Presumably for this reason, it 
becomes impossible to assume a bistable memory state. Indicated at 6 in FIG. 2 is the C-director of liquid 
crystal molecules, and at 7 the spontaneous polarization of liquid crystal molecules. 

45 The tip of this arrow represents + pole, and the other end of the arrow represents - pole. Represented 
by 8 and 9 are positive and negative polarized charges, respectively, as unevenly present. Indicated at 10 is 
the presence of the polarization electric field in the direction of the arrow. 

US-A-3 932 298 discloses dichlorodicyanoparabenzoquinone (DDQ) and tetracyanoquinonedimethane 
(TCNQ) for the use in a nematic liquid crystal composition. JP-A-61-133 285 discloses a liquid crystal 

50 composition wherein a smectic liquid crystal compound is formulated together with di-n-butyl-ferrocen 
(DBF) and TCNQ. This composition is based on the chemical action and effect derived therefrom that 
electrons will transfer from DBF to TCNQ, so that the resulting charge transfer complex will cause, under a 
DC field in a LCD device, an attenuation of the electrochemical reactions. 

Accordingly, an object of the present invention is to provide a liquid crystal display device having a 

55 bistable memory effect prevented from impairment due to a polarization electric field. 
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Summary of the Invention 



The present invention provides a liquid crystal display device comprising a pair of substrates each 
having transparent electrodes over the surface thereof and an orientation film over the electrode, and a 

5 liquid crystal interposed between the pair of substrates, the liquid crystal being a ferroelectric liquid crystal 
composition having incorporated therein a conjugated cyano compound or conjugated halogen compound 
serving as an electron acceptor in an amount of 100 to 5000 ppm, especially 100 to 500 ppm, based on the 
ferroelectric liquid crystal composition, wherein the conjugated cyano compound is dichlorodicyanoparaben- 
zoquinone (DDQ), tetracyanoquinodimethane (TCNQ), tetracyanoethylene (TCE), 

10 tetrafluorotetracyanoquinodimethane (TFTCNQ) or tetracyanobenzene (TCNB), and wherein the conjugated 
halogen compound is dichlorodifluoroquinone, dichloroanthraquinone, tetrachlorodiphenoquinone (TCDQ) or 
tetrabromodiphenoquinone (TBDQ). 



Brief Description of the Drawings 

75 

Fig. 1 is a diagram of a liquid crystal display device embodying the invention; 

FIG. 2 is a diagram illustrating the instability of memory of a ferroelectric liquid crystal device due to a 
polarization electric field; and 

FIG. 3 is a diagram showing the conditions for switching the devices of Examples 1 to 4 of the invention 
20 and a comparative device with dipolar pulses of ±10 V, and variations in the area of retention of the 
memory state determined for the devices. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



25 According to the present invention, a ferroelectric liquid crystal composition is used which has 
incorporated therein a conjugated cyano compound or conjugated halogen compound serving as an 
electron acceptor. 

The ferroelectric liquid crystals for use in the composition are responsive to the application of voltage at 
a high speed to exhibit a specified orientation for transmitting or blocking light for the display device. Useful 
30 ferroelectric liquid crystals are those which have a chiral center, are not racemates and possess permanent 
dipole moment perpendicular to the long axes of molecules and hence exhibit Sc* phase. Examples of such 
liquid crystals are (S)-4'-n-octyloxy-biphenyl-4-carboxylic acid-1-trifluoromethyl-heptyl ester, (s)-4'-n-oc- 
tyloxy-biphenyl-4-carboxy lie acid-1 -trif luoromethy l-3-pheny l-(tranc)-2-propenyl ester, 



35 



40 



45 



50 



n-C.H,T-@-@-0-Cll, "0=0 



C3II7 -n 



DOBAMBC (p-decyloxybenzylidene-p'-amino-2-methlbutylcinnamic acid ester), MORA-8 (S-4-(6-methyl)- 
octylresorcylidene-4'-octylaniline, DOBA-1-MBC (p-decyloxy-benzylidene-p'-amino-1-methylbutylicinnamic 
acid ester), 



n-C 8 Hi7-0-^Q)-^)-COOCH-^2;-C8Hi7-n and 

CH 3 

( 2S , 4S ) C 5 Hii-<^> -<^)-OCH 2 -^ N ^-C4H 9 , 



55 appropriate mixture thereof. 

Usually, the liquid crystals are used as admixed with other substances to adjust the temperature range 
wherein the liquid crystals exhibit Sc* phase. Commercially available ferroelectric liquid crystals which are 
adapted iu exiiiuil Su* phase ai room temperature are CG-1C14, CS 1013, CS 1C17 (which arc products cf 
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Chisso Corporation), and ZLI4237/000 (product of Merck & Co., Inc.) 

The conjugated cyano compound or conjugated halogen compound serving as an electron acceptor 
acts to give a bistable memory effect to the ferroelectric liquid crystal or composition thereof. Usable as 
such compounds are those capable of attenuating or neutralizing the polarization electric field produced 

5 within the device by uneven presence of polarized charges due to the spontaneous polarization of the 
ferroelectric liquid crystal molecules. The conjugated cyano compound is one having cyano groups and a 
carbon -carbon double bond which can be conjugated with the triple bond of the cyano groups. According 
to the present invention such compounds are dichlorod icy anoparabenzoqui none (DDQ), 
tetracyanoquinodimethane (TCNQ), tetracyanoethylene (TCE), tetrafluorotetracyanoquinodimethane 

70 (TFTCNQ) and tetracyanobenzene (TCNB) since these compounds act on liquid crystals up to 20 (nc/cm 2 ) 
in spontaneous polarization so as to cause the liquid crystal to exhibit a remarkable bistable memory effect. 
According to the present invention useful conjugated halogen compounds are dichlorodifluoroquinone, 
dichloroanthraquinone, tetrachlorodiphenoquinone (TCDQ), and tetrabromodiphenoquinone (TBDQ). 

The conjugated cyano compound or conjugated halogen compound serving as an electron acceptor is 

75 used usually in an amount of 100 to 5000 ppm based on the ferroelectric liquid crystal composition. 
Preferably, the amount is 100 to 500 ppm since a satisfactory bistable memory effect and uniform display 
characteristics can then be obtained even if the substrates are not smaller than 7.5 cm square. When the 
amount is in excess of 500 ppm, a satisfactory memory effect and uniform display characteristics are still 
available if the substrates are small, whereas in the case where the substrates are not smaller than 7.5 cm 

20 square, a chromatographic effect produces variations in the color of display in the direction away from the 
injecting opening or irregularities in characteristics such as switching behavior to impair the uniformity of the 
display. The excessive amount is therefore undesirable. 

Stated specifically, the liquid crystal display device of the present invention can be prepared by 
selectively forming transparent electrodes on the surface of each of a pair of substrates, further forming an 

25 orientation film over the electrodes on each substrate, arranging the pair of substrates usually at a spacing 
of 1 to 4 urn with their orientation films opposed to each other, and subsequently injecting into the space 
between the substrates a ferroelectric liquid crystal composition incorporating therein a specified quantity of 
the conjugated cyano compound or conjugated halogen compound serving as an electron acceptor. The 
ferroelectric liquid crystal layer is driven by applying a voltage selectively across the transparent electrodes 

30 for use in displaying desired characters, images or the like. 

The conjugated cyano compound or conjugated halogen compound serving as an electron acceptor and 
added to the ferroecletric liquid crystal attenuates or neutralizes the polarization electric field produced 
within the device by uneven presence of polarized charges due to the spontaneous polarization of the liquid 
crystal molecules. 

35 The present invention will be described below in greater detail with reference to the illustrated 
embodiment. 

Example 1 

40 As shown in FIG. 1, transparent electrodes 2a, 2b were formed on glass substrates 1a, 1b, and the 
electrodes were coated with OCD TYPE-II, product of Tokyo Oyokagaku Co., Ltd., using a spinner, followed 
by baking to form insulation film 3 of SiCfe. Next, 1% m-cresol solution of nylon 6 (product of Toray 
Industries, Ltd.) was coated on the insulating film using a spinner, and the coating was baked and rubbed to 
form orientation film 4a, 4b. The two substrates thus prepared were spaced apart by 2.0 urn as opposed to 

45 each other to form a cell. A ferroelectric liquid crystal (CS-1014, product of Chisso Corporation, 5.4 nC/cm 2 
in spontaneous polarization) containing 350 ppm of dichlorodicyanoparabenzoquinone (DDQ) added thereto 
was injected into the cell to obtain an assembly. 

The assembly was interposed between two polarizers to prepare a liquid crystal display device, which 
was small in threshold pulse width (150 usee), exhibited a high value (95%) in memory retention area as 

50 seen in FIG. 3, and was found to exhibit satisfactory bistable memory at the pixel portions of the electrode 
matrix. 

Example 2 

55 Six liquid crystal display devices were prepared in the same manner as in Example 1 except that the 
amount of DDQ, which was 350 ppm in Example 1, was changed to 100, 200, 500, 1000, 2000 or 5000 
ppm. 
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Consequently, the devices exhibited satisfactory bistable memory at the pixel portions of the electrode 
matrix. Of these devices, those prepared with use of 200 ppm or 500 ppm of DDQ were found more 
satisfactory in bistable memory. 

5 Example 3 

Eight liquid crystal display device were prepared in the same manner as in Example 1 with the 
exception of using, instead of DDQ used in Example 1, tetracyanoquinodimethane (TCNQ), 
tetracyanoethylene (TCE), tetrafluorotetracyanoquinodimethane (TFTCNQ), tetracyanobenzene (TCNB), 
w dichlorodifluoroquinone, dichloroanthraquinone, tetrachlorodiphenoquinone (TCDQ) or 
tetrabromodiphenoquinone (TBDQ). 

These devices exhibited satisfactory bistable memory. 

Example 4 

75 

Two liquid crystal display devices were prepared in the same manner as in Example 1 with the 
exception of using CS-1013 (product of Chisso Corporation, 16 nC/cm 2 in spontaneous polarization or CS- 
1017 (product of Chisso Corporation, 7.1 nC/cm 2 in spontaneous polarization) as a liquid crystal in place of 
CS-1014 (product of Chisso Corporation). 
20 The devices exhibited satisfactory bistable memory. 

Comparative Example 1 

A liquid crystal display device was prepared in the same manner as in Example 1 with the exception of 
25 using a ferroelectric liquid crystal free from DDQ in place of the liquid crystal incorporating DDQ and used 
in Example 1. 

The device was great in threshold pulse width (190 usee) and small in memory retention area (65%) as 
seen in FIG. 3. 

30 Example 5 

A device equivalent to the one shown in FIG. 1 was prepared. Each of two substrates was coated with 
SiCb (OCD TYPE-II, product of Tokyo Oyokagaku Co., Ltd.) by a spinner, followed by baking to prepare an 
insulation film, which was then coated with PSI-XS012 by a spinner, followed by baking to form an 
35 orientation film. The two substrates thus prepared were rubbed and then spaced apart by 2.0 urn to obtain 
a cell. A liquid crystal (ZLI4237/000, product of Merck & Co., Inc.) containing 200 ppm of 
tetrafluorotetracyanoquinodimethane (TFTCNQ) added thereto was injected into the cell. 

The cell was observed as interposed between two polarizers to find that even if the substrates were 
larger than 7.5 cm square, the pixel portions of the electrode matrix exhibited satisfactory bistable memory 
40 and uniform display characteristics. 

Example 6 

Eight liquid crystal display devices were prepared in the same manner as in Example 5 with the 
45 exception of using dichlorodicyanoparabenzoquinone (DDQ), tetracyanoquinodimethane (TCNQ), 
tetracyanoethylene (TCE), tetracyanobenzene (TCNB), dichlorodifluoroquinone, dichloroanthraquinone, 
tetrachlorodiphenoquinone (TCDQ) or tetrabromodiphenoquinone (TBDQ) in place of 
tetrafluorotetracyanoquinodimethane (TFTCNQ) used in Example 5. Like the device of Example 5, these 
devices exhibited satisfactory bistable memory and uniform display characteristics. 

50 

Example 7 

Eighteen liquid crystal display devices were prepared in the same manner as in Example 5 with the 
exception of using 100 ppm or 500 ppm of dichlorodicyanoparabenzoquinone (DDQ), 
55 tetracyanoquinodimethane (TCNQ), tetracyanoethylene (TCE), tetrafluorotetracyanoquinodi methane 
(TFTCNQ), tetracyanobenzene (TCNB), dichlorodifluoroquinone, dichloroanthraquinone, tetrach- 
ioiodiphenoquir.cnc (TCDQ) nr tetrabromodiphenoquinone (TBDQ) in place of 200 ppm of 
tetrafluorotetracyanoquinodimethane (TFTCNQ). Like the device of Example 5, these devices exhibits 
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satisfactory bistable memory and uniform display characteristics. 
Example 8 

Nine kinds of display devices were prepared in the same manner as in Example 5 except that the 
ferroelectric liquid crystal used had admixed therewith 1000 ppm of dichlorodicyanoparabenzoquinone 
(DDQ), tetracyanoquinodimethane (TCNQ), tetracyanoethylene (TCE), tetrafluorotetracyanoquinodimethane 
(TFTCNQ), tetracyanobenzene (TCNB), dichlorodifluoroquinone, dichloroanthraquinone, tetrach- 
lorodiphenoquinone (TCDQ) or tetrabromodiphenoquinone (TBDQ) in place of 200 ppm of 
tetrafluorotetracyanoquinodimethane (TFTCNQ). When the substrates used were up to 4.5 cm square in 
size, these liquid crystal display devices exhibited satisfactory bistable memory and uniform display 
characteristics. However, when the substrates were larger than 4.5 cm square, the display surface locally 
exhibited a difference in color in the vicinity of the injection opening, and the switching and like 
characteristics involved irregularities in a direction away from the injection opening. 

Example 9 

A liquid crystal display device was prepared in the same manner as in Example 1 except that the 
ferroelectric liquid crystal substance, CS-1014, used in Example 1 was replaced by the composition listed in 
Table 1 and having incorporated therein 2% of the compound represented by: 

C8Hl7-0-<g)-<^)-COO-CH-<g)-C 8 Hi7 

CH 3 



Table 1 



compound 


wt. % 


C 7 H 15-^r-#-° C 7 H 15 


10 


C 7 H 15 "ig)-^OC 8 H 17 


5 


S H 15-@V-@^ OC 9 H 19 


15 


C 8 H 17-^>-#- OC 8 H 17 


10 


C 9 H 19-^>--#- OC 6 H 13 


15 


C 9 H 19-€>}H§>- 0C 9 H 19 


45 



Like the device of Example 1 , the device obtained was satisfactory in display characteristics. 
Example 10 

A liquid crystal display device was prepared in the same manner as in Example 1 except that the 
ferroelectric liquid crystal substance, CS-1014, used in Example 1 was replaced by the mixture listed ir» 
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Table 2 



10 



15 



20 



25 



compound 



C 7 H 15^O>--(O>-0C 7 H 



7"15 



C 7 H 15^>-i§>- OC 8 H 17 

Vl7"^-^h OC 8 H 17 
N 

S H 17^M§)^ OC 10 H 11 




(2S,4S)C 5 H 11 -Q- H ^OCH 2 -(^C 4 H 



wt. % 



9.8 
4.8 
16.9 
12.9 
40.9 
12.7 
2.0 



30 



Like the device of Example 1 , the device obtained exhibited satisfactory display characteristics. 
Thus, the present invention provides liquid crystal display devices having a bistable memory effect 
prevented from impairment due to polarization electric field. 

35 Claims 

1. A liquid crystal display device comprising a pair of substrates each having transparent electrodes over 
the surface thereof and an orientation film over the electrode, and a liquid crystal interposed between 
the pair of substrates, the liquid crystal being a ferroelectric liquid crystal composition having 

40 incorporated therein a conjugated cyano compound or conjugated halogen compound serving as an 
electron acceptor in an amount of 100 to 5000 ppm, especially 100 to 500 ppm, based on the 
ferroelectric liquid crystal composition, wherein the conjugated cyano compound is dich- 
lorodicyanoparabenzoquinone (DDQ), tetracyanoqui nodi methane (TCNQ), tetracyanoethylene (TCE), 
tetrafluorotetracyanoquinodimethane (TFTCNQ) or tetracyanobenzene (TCNB), and wherein the con- 

45 jugated halogen compound is dichlorodifluoroquinone, dichloroanthraquinone, tetrach- 
lorodiphenoquinone (TCDQ) or tetrabromodiphenoquinone (TBDQ). 



Patentanspruche 



so 1. Flussigkristall-Anzeigevorrichtung, umfassend ein Paar Substrate, welche jeweils transparente Elektro- 
den uber deren Oberflache und einen Orientierungsfilm uber der Elektrode aufweisen, und einen 
zwischen dem Paar Substrate eingebrachten Flussigkristall, wobei der Flussigkristall eine ferroelektri- 
sche Russigkristallzusammensetzung ist, in welcher eine als Elektronenakzeptor dienende, konjugierte 
Cyanoverbindung oder konjugierte Halogenverbindung in einer Menge von 100 bis 5000 ppm, insbe- 

55 sondere 100 bis 500 ppm, bezogen auf die ferroelektrische Russigkristallzusammensetzung, einge- 
bracht ist, wobei die konjugierte Cyanoverbindung Dichlordicyanoparabenzochinon (DDQ), T tracyano- 
chinodimethan (TCNQ). Tetracyanoethylen (TCE), Tetrafluortetracyanochinodimethan (TFTCNQ) oder 
Tetracyanoberizo! (TONS) ist, «r;d vvcbci die kenjugicrte Halcgcrr/erbindung Dichlcrdifl'jcrchiner*. Di- 
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chloranthrachinon, Tetrachlordiphenochinon (TCDQ) oder Tetrabromdiphenochinon (TBDQ) ist. 
v ndications 

Dispositif d'affichage a cristal liquide comprenant une paire de substrats ayant chacun des electrodes 
transparentes sur sa surface et un film d'orientation sur I'electrode, ainsi qu'un cristal liquide intercal4 
entre les deux substrats, le cristal liquide etant une composition de cristal liquide ferro-electrique a 
laquelle on a incorporS un compost cyano conjuguS ou un compost halog6n6 conjugu6 jouant le role 
d'accepteur d'Slectrons a raison de 100 a 5000 ppm, en particulier de 100 a 500 ppm, sur la base de 
la composition de cristal liquide ferro-§lectrique, dans lequel le compose cyano conjugu6 est la 
dichlorodicyanoparabenzoquinone (DDQ), le tetracyanoquinodimethane (TCNQ), le tetracyanoethylene 
(TCE), le tetrafluorotetracyanoquinodimethane (TFTCNQ) ou le tetracyanobenzene (TCNB), et dans 
lequel le compose halogene conjugue est la dichlorodifluoroquinone, la dichloroanthraquinone, la 
tetrachlorodiphenoquinone (TCDQ) ou la tetrabromodiphenoquinone (TBDQ). 
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